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Abstract 
As awareness of the impacts from global warming is rising, Electric vehicle (EV) has become 
more popular than ever before, it potentially represents the future of automotive industry. 
Charging infrastructure is one of the most important factors which promotes growth of EV 
market, since it is closely linked with the convenience and purchasing motivation of EV users. 
Investigations have found that most Australian currently are not willing to purchase EV which 
reflected by the proportion of EV in the whole automotive market. A lack of charging 
infrastructure is one of the critical reasons of poor EV market performance. In this thesis, it 
aims to analyse current charging infrastructure in Australia and improve it by reviewing and 
applying successful experiences from other countries. It is evidenced to conclude that proper 
development of charging infrastructure is one of the most necessary and compulsory steps to 
achieve EV market boost. This is critical for EV to become a substitution of traditional 
combustion-engine vehicle and play an important role on preventing global warming.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 6 / 48 
 
Introduction 
As the impacts from global warming have got more and more serious, it is highlighted that 
traditional combustion-engine vehicle is one of the main sources of CO2 emission. EV can 
potentially become a suitable substitution which can reduce CO2 emission, which currently 
shares a relatively small proportion of the whole Australia automotive market. One of the 
reasons is a lack of charging station. Consequently, the range of EV has been restricted and 
causes people walk away from it. To attract more people to choose EV, charging infrastructure 
development is critical. It is currently feasible to find nearby charging stations from the existing 
charging station map of Australia, but there is insufficient study about the analysis of these 
charging points’ locations and further improvement. In this thesis, the main purpose is to find 
out the drawbacks of current charging infrastructure in Australia and improve them. As a result, 
more people are willing to choose EV instead of combustion-engine vehicle, which significantly 
helps to reduce CO2 emission.  
Objective 
To accurately analyse and improve the current charging infrastructure of Australia, this thesis 
is divided into 5 parts. In the first part, current EV market and charging technologies will be 
investigated. In detail, features of different types of charging stations will be studied, popular 
EV models and their charging connections will be determined. This can provide a clear direction 
about the type of charging station and connection which are mostly needed. For the second 
part of the thesis, focus will be switched to the current charging station maps of Australia. Since 
Australia is a large scoop, it is efficient to divide the whole map into different capital cities and 
states. Charging infrastructure will be examined in both inner city and highway, and then 
drawback will be discussed individually. When the current charging infrastructure has been 
analysed, part 3 is to investigate how other country have developed their charging networks. 
San Joaquin, California, the USA, is the candidate case study for research, since in San Joaquin 
region, charging infrastructure has been recently and properly developed. The results from part 
3 is critical for part 4, which is improving current charging network in Australia. According to 
the successful experiences from San Joaquin, it would be valuable to apply them in Australia, 
which gives key suggestions about future development. In part 5, new ideas and government 
policy will be discussed.  
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1.Current EV market and charging technology in Australia 
1.1 Description of existing charging stations 
Charging station is critical for electric vehicles to deliver designed range, there are many 
different options of charging stations on the market, and they can be defined in three different 
types by power levels.  
 Level 1 charging 
Level 1 charging offers power through an alternating-current (AC) plug and requires a dedicated 
circuit. Depending on the battery technology and capacity of EV, Level 1 charging usually takes 
8 to 12 hours to fully charge an EV battery. It is common to use Level 1 charging at home and 
typically conducted overnight [1]. 
 Level 2 charging  
Level 2 charging provides power through an AC plug and requires professional installation. It is 
compatible for most EV and plug-in electric hybrid vehicles. Depending on various design of EV, 
charging time is approximately between 4 to 6 hours to completely charge a depleted battery. 
Specifically, three phase AC charging with 22 KW power output, can fully charge most EV under 
one and half hours, which is the most efficient level 2 charging. Level 2 chargers can be found 
in residential settings, public parking areas, and it is the most common type of charging station 
now [2].  
 Level 3 charging 
Level 3 charging also refers to DC fast charging, it is much more efficient than level 1 and 2 
chargers, provides an 80% charge in half an hour, although charging time extends under cold 
weather condition. Unfortunately, DC charging is not suitable for all vehicles and it is expensive 
to install which means they can only be found at some public charging points [3]. 
Level 1 and 2 are AC charging, while level 3 charging is DC charging. The features of them will 
be shown in Figure 1.  
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Figure 1. AC and DC charging time [4] 
As Figure 1 shown, AC and DC are also divided into different specifications, and charging time 
varies significantly, and it is worthy to analyse the difference. For AC charging, both single phase 
options are only ideal for home use, since charging time is relatively long. 3 phase AC charging, 
16 A per phase, can fully charge 30KWh battery in 2 hours and 45 minutes. 3 phase, 32 A per 
phase, which also refers to fast AC charging, is much faster, charging time decreases to 1 hour 
and 20 minutes. 60 A per phase is rare to find in Australia. DC charging is the most efficient 
option, it can fully charge an EV under 1 hour. For Tesla model, batter capacity is larger than all 
other EV, which is above 60 KWh. To ensure charging efficiency, Tesla has built its own charging 
network “Tesla supercharger”, which can offer 120 KW maximum power output, and make 
charging quick enough. Base on different mechanism, AC and DC charging have various features 
and downsides 
 Alternating Current (AC) Direct Current (DC) 
Advantage  Low set-up cost 
 Easy installation 
 Fast charging. 
Disadvantage  Long charging time 
 Poor efficiency 
 Expensive to set up 
 only available at public 
charging points 
Table 1. Comparison between AC and DC charging 
As table 1 shown, AC and DC charging both have their advantages and drawbacks. On one hand, 
DC charging is much more efficient than AC. On the other hand, DC charging is more expensive 
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to set up and currently costs between $25,000 and $60,000 [5]. It is time to make a conclusion 
that, DC suits public use, and should be chosen for future public charging development. 
Although it is more expensive to set up, charging time can be significantly decreased, otherwise 
public charging would be pointless if it is as slow as home AC charging.  
1.2 Types of current available EV 
There are currently 3 types of EV available in Australia.  
 Battery electric vehicle (BEV) 
BEV also called all-electric vehicle, it purely relies on chemical energy stored in rechargeable 
battery packs and there is no combustion engine involved for powering the vehicle. BEV needs 
external power source for charging, and they are capable for achieving zero CO2 emission. 
Although electricity is generated by burning coal which also creates CO2, but it is much easier 
to control than car exhaust emission.   
 Hybrid electric vehicle (HEV)  
HEV is consisted by a conventional internal combustion engine and an electric propulsion 
system. This combined powertrain is designed to achieve better fuel economy and driving 
performance. The electric system is not designed to be recharged by external power.  
 Plug-in hybrid electric vehicle (PHEV) 
PHEV powered by a battery which designed to be charged by an external electric power, as well 
by its combustion engine and generator. It relies more on battery comparing with HEV [6].  
 
 Max Range (Km) Home charging time 
(Hour) 
Fuel Consumption 
(L/100Km) 
BEV [7] 100-150 8  0 
HEV [8] ≥500 0 3.4 
PHEV [9] ≥800 6.5 1.9 
Table 2. Performance of BEV, HEV and PHEV 
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Performance analysis of 3 types of EV would help to understand their features. As table 2 
shown, the most obvious disadvantage of BEV is short travel range, which is much less than 
what HEV can offer. The reason is that BEV has no combustion engine involved in powering 
vehicles, which means battery has much more working load. HEV is the most convenient type 
of EV since no charging required while the fuel economy is better than traditional combustion-
engine vehicles. For PHEV, it can offer the longest range, however charging is required. HEV is 
the only type which needs no charging, although it costs most fuel.  
 
Figure 2. Australia EV market share of BEV, HEV and PHEV 
It is interesting to know how these three types of EV share the Australian EV market. Figure 2 
has shown that HEV dominates 93% of EV market, which tells the customer attitude towards 
EV. The most valuable advantage of HEV is no charging required, and this means people are 
afraid of charging. For PHEV, total sales volume is 2873 vehicles from 2011 to 2017 [10]. 
Mitsubishi Outlander is the best-selling model in this category, which contributes more than 
half of PHEV sales. BEV is the least popular type of EV in Australia, sold only 1530 vehicles from 
2011 to 2017. Nissan Leaf and Tesla model S are the two most popular models in this class, sold 
635 and 323 vehicles [11]. The most dominate type of EV is HEV, since 2011, there were 61645 
vehicles sold. Toyota is the most popular brand in this group, sales Figure of its best-selling 
model Camry reached 20000, which just took more than 3 years since it released [12]. It is 
evidenced that HEV dominates Australia EV market by a great disparity, while BEV and PHEV 
are not customers’ favourite. In conclusion, HEV is the most favourite type of EV in Australia, 
93
5
2
Australia EV market 
HEV PHEV BEV
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and charging is one of the key factors which affects sales Figures of EV. This indicates that 
people do not like charging.  
It is necessary to point out a few assumptions and limitations of Figure 3, which may affect 
accuracy. Firstly, it is difficult to search sales Figures of some manufactures since they do not 
publish this information to public. Also, for Tesla model S, statistic data only shows sales volume 
in NSW and VIC. This means all Tesla models which have sold elsewhere in Australia are not 
counted, this may decrease the accuracy of chart. In addition, sales Figure of HEV in 2014 was 
not found, however for its adjacent years, 2013 and 2015, there were 11949[13] and 8232[14] 
HEV sold. To estimate sales Figures of 2014, it is assumed from 2013 to 2015, trend of sales 
volume is linear, so by calculation, 10091 HEV were sold in 2014. Finally, all the data is from 
2011 to 2017, which means those models which were released before 2011 or after 2017, are 
excluded. These assumptions and limitations would have minor influence on data accuracy, 
however this will not have a significant impact on the current EV market share.   
1.3 Sales figures of rechargeable EV models 
 
Figure 3. Market share of EV by manufactures [15] 
It is also meaningful to analyse the market share of rechargeable EV by manufactures, so that 
HEV is not included. Once the sale Figures of different manufactures are collected, then the 
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top-selling rechargeable EV models can be found. This helps to determine, which EV would 
have the highest demand of public charging. By the end of April 2017, Mitsubishi Outlander is 
the best-selling PHEV in Australia, 2,015 were sold since it was introduced in 2013 [15]. In 
March 2015, there were 54 Tesla model S sold in Victoria and 119 in New South Wales. 
Although there is no sales Figure for Tesla from other states, Model S is still the top selling BEV 
in Australia in the first quarter of 2015, ahead of Nissan Leaf and BMW i3[16]. 
As Figure 2 shown, Mitsubishi outlander and Tesla model S share more than half of current 
Australia rechargeable EV market, following by Nissan Leaf and BMW i3, while other models 
are much less popular and only occupy little proportions of EV market. In conclusion, Australia 
rechargeable EV market is currently dominated by a few popular models, this provides a clear 
guide of the EV models which have the highest demand of public charging.  As a result, the 
charging connectors of these best-selling models will have priority to be equipped on charging 
stations.  
 
1.4 EV Charging connectors 
It is important to understand all specifications of charging connectors, because different 
manufactures may use different connectors. As a result, the most-demanded charging 
connectors will be found since the best-selling rechargeable EV models have been analysed.  
DC and AC charging have different charging connectors due to different manufacturing 
standards.  
AC charging Connectors 
 Type 1 (J1772, SAE J1772) 
Type 1 AC charging connector is widely used by Mitsubishi and some other Japanese EV 
manufactures such as Nissan and Toyota.  
 Type 2 (Mennekes) 
Type 2 AC charging connector, also called Mennekes, it is currently used by most EV 
manufacturers such as BMW and Audi.  
DC charging connectors 
 CHADEMO 
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This connector is widely used by many Japanese manufactures such as Nissan, Toyota and 
Mitsubishi. 
 CCS COMBO 
This standard is mostly used by European manufactures such as BMW, Mercedes and Audi.  
 TESLA SUPERCHARGER 
This is the connector for Tesla ultra-fast DC charging and only works for Tesla models [17]. 
 AC Charging DC Charging 
Mitsubishi Type 1 (J1772, SAE J1772) CHADEMO 
Nissan Type 1 (J1772, SAE J1772) CHADEMO 
Holden Type 1 (J1772, SAE J1772) CCS Combo 
BMW Type 1 (J1772, SAE J1772) 
Type 2 (Mennekes) 
CCS Combo 
Volvo Type 2 (Mennekes) CCS Combo 
Mercedes-Benz Type 2 (Mennekes) CCS Combo 
Audi Type 2 (Mennekes) CCS Combo 
Porsche Type 2 (Mennekes) CCS Combo 
Tesla Type 2 (Mennekes) TESLA SUPERCHARGER 
Table 3. Charging connection for different EV manufactures 
Type 1 and CHADEMO are commonly used by Japanese car manufactures such as Mitsubishi 
and Nissan, although some BMW i3 also equipped with type 2 connector. Type 2 and CCS 
Combo are usually equipped by most European automotive brands, for example, BMW, 
Mercedes-Benz and Porsche.  
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Figure 4. Proportion of different charging connections 
As Figure 4 shown, for AC charging, type 1 is nearly twice of type 2, which is a result of 
outstanding sale Figures of Japanese EV such as Mitsubishi Outlander. Also, CHADEMO and CCS 
are the popular connectors for DC charging, while Tesla supercharger only share 8% of the 
whole volume. In conclusion, type 1 and CHADEMO are the most popular charging connectors, 
this gives a clear indication about the connectors which are most needed for future 
development.  
In summary. part 1.1 introduces charging types and states the suitable option for public 
charging. Section 1.2 tells the share of Australia EV market, which indicates that charging is 
avoided by customers, and highlights the importance of charging infrastructure. Part 1.3 
presents the best-selling of rechargeable EV models. In addition, charging connectors for varies 
manufactures are determines. As a result, when 1.3 and 1.4 are combined, it is possible to 
determine the charging connectors which have the highest demand, which will be prior to 
equip on future charging stations.  
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2. Analysis of current charging stations in Australia 
It is necessary to understand the reasons why people need public charging. In general, people 
charge EV overnight at home and use it to go on highway (long trip) or inner city (short trip) 
and there are a few cases when people need public charging: 
People who are running out of battery on highway, would need fast charging. In this case, the 
key criteria is that distance between two charging stations must be less than the maximum 
range of most available EV models. As a result, people can recharge their EV and continue the 
journey. In addition, it is important to know the most popular highways in Australia, because 
charging stations should be installed along busy routines for efficiency.  
Some people have no AC charging at home, such as some tenants who have no car park at their 
apartments. In this case they must find a public charging station near home, so EV can be fully 
charged and ready for the next day. For inner city regions, charging stations should be located 
at suburbs with high population, where apartment is the dominate building type [18]. As a 
result, it is more likely for residents not to have charging at home.  
In conclusion, charging stations are needed at the suburbs with high population density, and 
along popular highways. These will be the main criteria for analysis of current charging 
infrastructure.  
2.1 City charging analysis 
Analysis of charging station will be divided into two parts, city charging and highway charging. 
For city charging analysis, Sydney, Brisbane and Perth are selected as candidate regions, 
because variation of city size and demography would make them suitable represent all capital 
cities of Australia. In detail, analysis of city charging would focus on the charging stations near  
2.1.1 Charging infrastructure of Sydney city 
In this section, charging infrastructure in Sydney city will be analysed. As Figure 5 shown, there 
are 4 DC and 4 fast AC charging stations in Sydney city region. It is necessary to list the suburbs 
which have the highest population, where public charging is mostly needed. 
Suburb Population density 
(residents/km^2) 
Nearest fast 
charging station 
Distance to nearest fast 
charging station (Km) 
Waverly 6869 Redfern 6.8  
Inner Sydney 
(Surry Hills) 
6342 Redfern 1.5 
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North Sydney 
(Neutral Bay) 
5948 Lane Cove 6.6 
Table 4. Fast charging station analysis of inner Sydney region 
 
Figure 5. Fast charging stations in Sydney city; Orange: Dc; Green: Fast AC; 
There are 2 “Tesla supercharger” installed in Sydney city, and not included in inner-city charging 
analysis, because they are not available for all non-Tesla models. At Redfern, people living in 
Waverly and Surry hills can find the nearest charging point. It is great for people at Surry hill, 
since they only need to travel 1.5km to get their EV charged. In contrast, it is another story for 
the ones living at Waverly, travelling 6.8 km is time-costing, especial when traffic is busy. For 
EV owners who live at neutral bay on the north side, they need to drive 6.6 km to reach the 
nearest DC charging point at Lane Cove, which is also inconvenient.  
The nearest charging point for people living at neutral bay is at St Leonards, however it is only 
available for Tesla models. In consequence, people must travel to Lane Cove, if Tesla 
supercharger is open for all EV models, travelling time can be shortened nearly half. It has been 
argued that EV from different manufactures should have a compatible charging connection by 
using the aftermarket adaptor. Unfortunately, it is currently not possible for non-Tesla user to 
use “Tesla supercharger”. Although Tesla might let other manufactures’ EV use its Supercharger 
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network in the future if a series of negotiations can be successfully done [19], there is no 
conclusion yet.  
For those people who needs public charging in Sydney city, parking fees must be considered.  
According to investigation of multiple charging points, parking fees apply at some of them. 
parking price varies from a few dollars per hour to 45 dollars per vehicle, which might 
significantly increase the cost of charging. It is not smart and practical for people to select the 
charging points which generate high parking fees, so that there are even less options for city 
charging in Sydney.  
In conclusion, for inner Sydney region, there are a few drawbacks about the charging 
infrastructures. There are only 8 fast charging points, 6 for non-Tesla models in such a 
populated area, which may cause charging stations in short supply, and extend waiting time. 
Also, some populated suburbs are not covered by fast charging stations so that people must 
drive relative long distance to nearby suburbs for charging, which is not convenient. In addition, 
parking fees may apply while charging EV, which can be expensive in Sydney city. The 
drawbacks about charging infrastructure of Sydney have been investigated, which would 
provide a clear guide about further improvements.   
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2.1.2 Charging infrastructure of Brisbane 
 
Figure 6. Fast charging stations in Brisbane City; Orange: Dc; Green: Fast AC; 
As Figure 6 shown, there are 5 fast charging points installed in Brisbane city region. Except the 
DC charging station at fortitude valley is only for Tesla, another 4 are available for non-Tesla 
models. Suburbs with high population density in Brisbane are located near the city center.  
Suburb Population density 
(residents per square 
km) 
Nearest fast charging 
station 
Distance to nearest 
fast charging station 
(Km) 
Kangaroo Point 6804 South Brisbane 3.9 
New Farm  6453 South Brisbane 6.1 
West End 5519 South Brisbane 1.4 
Table 5. Fast charging station analysis of inner Brisbane region [20] 
There are much more apartments built in these high population-density suburbs than 
Brisbane’s middle to outer zones. As discussed, it is more likely for apartment residents to need 
public charging since they are more likely to have no private car park. An interesting fact 
reflected by table 5 is that, the charging point at south Brisbane is the best option for all 
residents who live in Brisbane’s top 3 populated suburbs. This might cause overuse and 
extended waiting time which decrease charging efficiency.  In detail, the nearest charging point 
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is 3.9km and 6.1km away from kangaroo point and New farm, it is time-costing to charge EV. 
Although south Brisbane is the most popular charging spot in Brisbane city, the other charging 
stations are also meaningful. For instance, University of Queensland has built solar-powered 
fast-charging infrastructure on St Lucia campus, they are free and open for public as well as 
staffs and students [21]. This is an effective way which encourages people to drive EV to 
university. Also, a fast AC charging station has been installed at Long Pine Koala Sanctuary. It is 
a famous zoo which located on the west side of Brisbane and attract lots of visitors every day. 
The charging point might attract people to come here by EV since charging can be done while 
they are spending time in the zoo.   
In conclusion, there are a few issues about city charging infrastructure of Brisbane city. Firstly, 
there are not enough charging stations installed in the populated suburbs so that charging point 
at south bank might have very high demand. Also, 5 charging points are just infeasible to cover 
whole Brisbane area. Lots of popular suburbs have more apartments than before such as 
Toowong, current charging infrastructure of Brisbane city is not able to satisfy the increasing 
charging needs.  
 20 / 48 
 
2.1.3 Charging infrastructure of Perth 
 
Figure 7. Fast charging stations in Perth City; Orange: All models; Red: Only for Tesla; 
For Sydney and Brisbane, the most populated suburbs are gathered inside city center, since 
there are lots of high-rise buildings which increase population density. This gives a clear 
indication about where people are more likely to rely on public charging. In contrast, this is not 
the case for Perth. Canning Vale is located on the south side of Perth which is 23 km away from 
city center. It is the most populated suburb of Perth with 33,059 residents [22]. As Figure 16 
shown, Canning Vale is far away from city center and there is no charging point near it. Although 
Canning Vale has high population, apartment is not the dominate property type. In detail, in 
January 2019, there are 217 house and only 8 apartments for sale at Canning Vale [23]. As a 
result, residents may not need public charging since they can install their own at home.  
There are 7 public charging points installed at Perth city, 3 for them are only for Tesla and the 
rest are for all EV models. Perth city does not have the highest population density, but there 
are still relatively more apartments and units around inner Perth region. For instance, for inner 
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Perth suburbs, apartment nearly occupies half of the whole real estate market [24]. In addition, 
people who work in Perth city can charge their EV while they are working, this can be useful for 
those EV owners who have no private charging at home.  
In conclusion, for inner Perth region, the most populated suburbs contain very few apartments. 
As a result, it is acceptable not to install many charging stations since residents are likely to 
have access to their personal charging at home. In contrast, Perth city has more apartments, 
which is more likely to require public charging.  
2.2 Highway charging analysis 
For highway charging analysis, popular motorways along the eastern Australia coastline will be 
analysed. In detail, M1 pacific motorway which connects Brisbane and Sydney, national 
highway M31 connecting Melbourne and Sydney, are the candidate samples due to high 
usages. In addition, Queensland Electric Superhighway (QESH) is worthy for analysis as well, 
because Queensland government built complete charging infrastructure from Cairns and Gold 
coast. Once highway charging is analysed, it is confident to conclude how charging 
infrastructure has been developed in Australia, since city charging analysis has already been 
completed. 
2.2.1 M1 Pacific motorway (Sydney to Brisbane) 
For Tesla Owners, it is easy to drive from Sydney to Brisbane, there are four “Tesla 
supercharger” along M1 pacific motorway. The longest distance between two adjacent 
charging points is 217 km, which is from Newcastle to Port Macquarie, and this is less than the 
maximum range of Tesla. In contrast, it is more challenging for non-Tesla models to travel from 
Sydney to Brisbane. There are 4 charging points along the way, but the distance between 
Kempsey and Newcastle is 281 km. Not many non-Tesla BEV models can make it without an 
intermediate charging point. For example, BMW i3 provides longer range than most BEV 
models except Tesla, which is 312 km [25]. This theoretical number is difficult to achieve in the 
real life, because there are multiple on-board components sharing power from battery such as 
headlight, audio and air conditioner. Also, maximum range can be shortened by some other 
factors, for instance, driving style, weather condition, speed, etc. In consequence, it is quite 
likely for a fully charged BMW i3 not able to reach Kempsey from Newcastle without an 
intermediate charging point. There are some slow AC charging points along M1 pacific highway, 
but they are not practical due to relative long charging time.  
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It is time to conclude how charging infrastructure has been developed M1 pacific motorway. 
Tesla has properly built its charging networks, their customers are able to reach Brisbane from 
Sydney without power issue. In contrast, for non-Tesla models, there is a lack of charging points 
along M1 pacific motorway. In another word, distance between two adjacent charging points 
is more than the maximum range of most EV. Therefore, for non-Tesla models, it is not practical 
to travel from Sydney to Brisbane.  
M1 pacific motorway (Sydney to Brisbane) 
 
 
 
 
 
 
Figure 8. Charging points between Sydney and Brisbane, Blue for Tesla, Yellow for non-Tesla models 
2.2.2 National Highway M31 (Sydney to Melbourne) 
From Sydney to Melbourne, there are 4 “Tesla supercharger” along M31 Hume Highway. The 
longest distance between 2 contiguous charging points is 197 km, which can simply reach by 
Tesla. In contrast, this is not the case for non-Tesla models. There are also 4 charging stations, 
but they are not evenly distributed along the way. In detail, they are all installed in the first half 
of the trip. Consequently, there is no charging point between Henty and Melbourne, 381 km is 
more than the maximum range of all current non-Tesla BEV models.  
In conclusion, it is not possible for most non-Tesla EV models to reach Melbourne from Sydney, 
because of poor distribution of charging point along the highway. In contrast, there is no issue 
for Tesla models to travel between Sydney and Melbourne thanks to its proper charging 
infrastructure development.  
M31 Hume Highway (Sydney to Melbourne) 
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Figure 9. Charging points between Sydney and Melbourne, Blue for Tesla, Yellow for non-Tesla models 
 
 
2.2.3 Queensland Electric Superhighway (QESH) 
 
Figure 10. QLD Electric Superhighway [26] 
QESH is the world's longest electric vehicle highway in a single state constructed along QLD 
eastern coastline from Gold coast to Cairns [26]. There are 14 DC charging points between Gold 
Coast and Cairns, and additional 3 more connecting Brisbane with Toowoomba. Thanks to QESH, 
most of the popular cities in QLD such as Gold Coast, Brisbane, Townsville and Cairns are all 
covered by DC charging points. Analysis of QESH will be done by assessing the distances 
between charging points, which is critical to decide if EV are able to travel from gold coast to 
cairns without range anxiety. 
Charging point location Distance to the next charging point (Km) 
Gold Coast (Coolangatta)  105 
Brisbane 129 
Cooroy 128 
Maryborough 61 
Childers 154 
Miriam Vale 169 
Rockhampton 100 
Marlborough 136 
 24 / 48 
 
Carmila 101 
Mackay 193 
Bowen 205 
Townsville 209 
Tully 140 
Cairns NA 
Table 6. Analysis of QESH 
Although the designers of QESH have considered the maximum range of most EV while they 
decided the locations of charging points. It is still disappointed to see the longest distance 
between two adjacent charging station is 209 km, which is infeasible for most non-Tesla EV 
models. The good news is that QESH is completely available for all EV models include Tesla, so 
that there is no drama about compatibility about connector. Travelling time is another 
interesting topic, QESH may not be a practical option if EV takes significantly longer to reach 
Cairns from Gold Coast than a traditional combustion engine vehicle (TCEV). To estimate 
travelling time, a few assumptions need to be made: 
1. Maximum range of non-Tesla EV is approximate 150 km, and for a Tesla is 613 km. 
2. An average charging time is 30 minutes for an EV [27]. 
3. On-road driving time is the same for EV and TCEV, which is 20 hours. 
4. An average fuel consumption of a TCEV is 8L/100km, and the price of 1L fuel is 1.3 AUD [28]. 
5. A TCEV would generate 140g CO2 per km on average [29].  
Charging is the main reason why EV need to consume additional time than TCEV. Base on the 
assumptions, a non-Tesla EV model at least needs to stop 12 times for charging, which takes 6 
hours. For a Tesla, stopping 3 times for charging is required, which costs 1.5 hours. According 
to the collected EV data and assumptions, it is meaningful to have a comparison between EV 
and TCEV from aspects such as time, cost and CO2 emission.  
 TCEV Non-Tesla EV Tesla 
Total time (hour) 20  26  21.5  
Cost (AUD) 185 0 0 
CO2 emission (Kg) 249 0 0 
Table 7. TCEV VS EV while travel from Gold Coast to Cairns 
The most obvious disadvantage of EV is extra travelling time because of charging, for non-Tesla 
models, additional 6 hours need to be spent for charging, and for Tesla, this Figure drops to 1.5. 
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In contrast, TCEV costs 185 AUD on fuel while charging is free for EV on QESH [30]. Also, EV can 
achieve zero CO2 emission, while TCEV would generate 249 Kg CO2 from Gold Coast to Cairns.  
Stopping 12 times along a 1780 km trip might sound impractical, but the effort of construction 
of QESH should not be ignored. In comparison, it is impressive for QESH to offer 30 minutes 
charging time, which is already much better than M1 pacific motorway. It can be arguable that 
QLD government has spent 3 million on the QESH project [31], some EV still need to stop 12 
times in between, which will not convince people to drive EV from Gold Coast to Cairns. Is QESH 
pointless? The short answer is NO, and there are a few reasons to explain: 
Charging infrastructure and maximum range are two critical factors which decide the 
practicality of EV. QESH is the effort on charging infrastructure aspect, however, due to poor 
maximum range, some EV must stop 12 times for charging. Comprehensive charging 
infrastructure and great maximum range must be achieved at the same time, otherwise EV are 
not practical. In detail, a Tesla only needs to stop 3 times from Gold Coast to Cairns, which takes 
extra 1.5 hours for charging, thanks to its great maximum range. This is much more acceptable 
and practical, since having 3 short breaks during a 1780 km trip is reasonable. Charging can be 
done in 30 minutes, people can use this chance to go restroom or get a cup of coffees, which 
is efficient and comfortable. Tesla is an accurate example to prove that practicality of EV 
significantly increases while charging infrastructure and maximum range combined. There are 
a few solutions to extend range, such as battery upgrade and PHEV, however this topic is out 
of scoop for this thesis.  
 QESH is not only for people to travel between Gold Coast and Cairns, but also benefit the 
popular cities along the QLD east coastline. It is convenient for EV owners to travel between 
any intermediate cities on QESH. For instance, for non-Tesla models, only 2 charging stops are 
needed from Townsville to Cairns, so that it is convenient for EV to travel short to medium 
distance thanks to QESH.  
In conclusion, QESH is a great break through about public charging, thanks to the support from 
QLD government, however it is still not practical for EV to reach Cairns from Gold coast except 
Tesla. The maximum distance between two charging points is greater than the range of most 
non-Tesla EV models. Also, too many charging stops are needed which significantly increase 
travelling time, which might not be accepted by most people. In contrast, the impracticability 
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of QESH is not only due to lack of charging points, but also poor EV range. Longer EV range will 
seriously reduce the charging stops which shorten total travel time.  
2.3 Summary of charging infrastructure analysis  
City and highway charging analysis have been completed, it is meaningful to summarize how 
they performed, which is critical for future development in the later sections of the thesis.  
 Advantage Drawback 
Sydney  EV owners who live at 
Surry hills can easily 
get to the nearest 
charging point. 
 Parking fees may 
apply 
 Few charging points 
available for 
populated suburbs. 
Brisbane  Charging points 
smartly installed at 
appropriate public 
facilities such as 
university and zoo. 
 most populated 
suburbs need to 
share the same 
charging point. 
 Insufficient charging 
points. 
Perth  charging points in the 
city are correctly 
positioned. 
 More charging points 
needed for the rest of 
Perth. 
Table 8. Summary of city charging analysis  
 
 Advantage Drawback 
M1 Pacific motorway  Proper Tesla 
supercharger 
development 
 Insufficient charging 
points for non-Tesla 
models 
M31 National highway  Proper Tesla 
supercharger 
development 
 Charging points are 
not distributed 
evenly along the 
highway 
QESH  Excellent effort from 
QLD government 
 
 High cost 
 Not enough 
charging points 
 Too many charging 
stops for non-Tesla 
EV 
Table 9. Summary of highway charging analysis  
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3.Charging infrastructure development examples 
In section 2, capital cities of all states in Australia have been analysed about their charging 
station development. In summary, there is a lack of logic about charging point location, in 
another word, only a few charging stations have been installed at ideal positions which are 
convenient for EV users. In section 3, some examples about charging station developments will 
be introduced, which could bring logical ideas to improve charging infrastructure of Australia.  
3.1. Highway charging case study of San Joaquin 
The San Joaquin Valley is the central valley region of the U.S. state of California, which contains 
more than 60 incorporated cities and 4.1 million residents [32]. Air pollution has been built up 
in the valley and transportation emission is one of the main reasons. As a result, it is motivated 
to promote EV and the first step is to develop charging infrastructure.  
Firstly, highway charging will be discussed from a few aspects such as distance and location. In 
detail, California State Route 99 is chosen as the example for highway charging analysis. It 
extends through the most densely populated areas of the San Joaquin Valley and connects the 
major cities of the Valley to Sacramento. For state route 99, there are a few considerations 
when the charging station locations are being decided. Firstly, a charging point needs to be 
installed within half a mile of a highway exit [33]. This consideration efficiently saves time for 
EV users who need charging on the highway. Half a mile is reasonable to travel for reaching 
charging points. Also, all charging points along state route 99 are fast DC charging, which can 
charge up EV under half an hour. The second consideration is that, charging point locations are 
selected at Public or commercial sites such as supermarkets, department stores, shopping malls 
and restaurants [34]. These locations are likely to satisfy power requirement for DC charging. 
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Also, EV users can utilize charging time at these commercial sites instead of waiting in the EV. 
 
Figure11. Charging points along California state route 99 from Sacramento to Fresno 
As Figure 11 shown, there are 11 charging points between Sacramento and Fresno which are 
270 km away. Even the furthest adjacent charging points at Modesto and Atwater, are only 50 
km away. As a result, all EV can easily travel from Sacramento to Fresno without any range 
anxiety.  
As mentioned earlier, the key criteria of highway charging station development of California 
state route 99 is locating on Public or commercial sites which are within ½ mile of highway exits. 
It is meaningful to examine if all charging point locations satisfy the requirements and analyse 
potential difficulties.  
Charging point location Distance to the highway exit 
(km) 
on the Public or commercial 
sites 
Elk Grove 1.1 Nissan dealer  
Galt 0.6 Shopping center 
Morada 1.4 Nissan dealer 
Manteca 3.5 Shopping center  
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Salida 0.4 Shops  
Bystrom 1.3 McDonald’s 
Atwater 0.4 Shopping center  
Merced 0.6 Hotel & Shops 
Chowchilla 0.3 Shopping center 
Madera 1.7 Shopping center 
Herndon 0.7 Shopping center 
Table 10. Analysis of charging points along California state route 99 
As table 10 shown, all 11 charging points between Sacramento and Fresno are on the public or 
commercial site such as shopping center and restaurant, however, 5 of them are not within 0.5 
mile (0.8 km) of highway exits. Specifically, Manteca charging point is the furthest to the 
highway exit, so for 5 out of 11 charging points, 2 criteria cannot be satisfied at the same time.  
 
Figure 12. Manteca charging point 
Figure 12 shows the locations of Manteca charging point and highway exit, it can be observed 
that there are no commercial sites locating within ½ mile of highway exit. So that both criteria 
are impossible to met at the same time. In this case, commercial site should be the prior 
consideration instead of distance to the highway exit, and there are 2 reasons for this statement. 
Firstly, if charging point is not on any commercial sites, consequently, it may be difficult for DC 
charging stations to get required power. Also, it is logical to believe most people would prefer 
to drive a few extra minutes to reach a charging point which locates on a commercial site, 
otherwise EV users would have nothing to do but waiting for charging.  
In conclusion, charging infrastructure along California state route 99 has been properly built, 
so that all EV can travel between Sacramento and Fresno without travel range anxiety. The key 
criteria which lead this successful case is that all charging stations should be on Public or 
commercial sites within ½ mile of highway exit. When these 2 conditions can not be achieved 
at the same time, charging points still should be located on the commercial site, and distance 
to highway exit is not the prior consideration. In addition, the longest distance between two 
adjacent charging points is 50 km, which is excellent but not compulsory if budget is limited. 
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Since maximum range of most EV now are more than 100 km, so that distance between two 
adjacent charging points can be 80 – 100 km, which will reduce cost.  
3.2 City charging infrastructure development  
In section 2, it has been analysed that there is a lack of charging infrastructure for most of 
capital cities in Australia. Insufficient charging points and improper positions are the main 
reasons. In this section, ideal positions of charging points in city region will be analysed.  
For the case study of San Joaquin, the importance of commercial sites to city charging has been 
highlighted. The National Household Travel Survey helps to understand where drivers tend to 
park their EV for longer periods. A list of places which might attract EV users are shown below. 
In general, the duration of stay is enough to fully charge most EV, which is critical for those EV 
users who have no chance to charge at home.  
 Grocery store or supermarket                                           
 Shopping mall 
 Train station 
 University 
There are many commercial sites in a city, the ones located in populated suburbs have the 
priority to be installed charging stations. It is assumed that regions with more people will be 
more likely to have higher numbers of EV so that public charging can be utilized most efficiently. 
In the charging development plan of San Joaquin, the idea of populated zone is not emphasised, 
this may be because the demographic distribution of San Joaquin is relatively separated 
comparing with some capital cities of Australia such as Sydney and Melbourne. It can be 
concluded that the ideal position of city charging development of Australia is the popular 
commercial sites which are in the populated suburbs.  
Thanks to the case study of San Joaquin providing clear directions about development of 
highway and city charging which are shown in table 13. In section 4, these ideas will be applied 
for improving charging infrastructure of Australia.  
Highway charging City charging 
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 Charging points should be installed at 
Public or commercial sites within ½ 
mile of highway exit. 
 Locating on the commercial sites 
have the priority over the distance to 
highway exit, if both requirements 
can not be satisfied at the same time. 
 Appropriate distance between two 
adjacent charging points should be 80 
- 100 km. 
 Charging points should be installed at 
commercial sites of populated 
suburbs. 
 Public and office buildings car parks 
in the CBD. 
 Potential government subsidy can 
help companies outside CBD to have 
charging installation. 
Table 11. Summary of the case study of San Joaquin charging infrastructure development 
 
4. New charging infrastructure development of Australia 
In this section, it is objective to create new charging infrastructure maps for Sydney, Brisbane 
and Perth. Instead of all capital cities of Australia, the reason of selecting these 3 candidate 
cities is that the variation of city sizes make them suitable to represent all cities in Australia. 
Mapping charging points for all capital cities may not be the most efficient choose, because 
some cities such as Sydney and Melbourne, could be similar in size and have the same problems 
about their charging infrastructure. 
In addition, except mapping new charging infrastructure for cities, highway charging is the 
other topic which also needs to be improved. In detail, Queensland electric superhighway 
(QESH), M1 Pacific motorway and M31 national highway are worthy to be redesigned. This can 
be explained by two reasons. Firstly, the traffic volume of highways along Australia east 
coastline is relatively high, which means it has priority to be developed. Secondly, the charging 
infrastructure development plan is the same for all highways, so that mapping new charging 
points for all highways in Australia is not necessary for this thesis. The maps of new charging 
infrastructure will be created according to the ideas obtained from San Joaquin case study. 
Specifically, Zeemaps is the software for mapping, reference will be provided below every self-
created map. This is for reader to get full access to the detail maps, which cannot be shown in 
the thesis due to size. 
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In conclusion, new charging infrastructure maps of Sydney, Brisbane and Perth will be created, 
QESH, M1 pacific motorway and M31 national highway will be redesigned and analysed. 
4.1 New charging infrastructure map of Sydney 
In section 2.1.1, drawbacks of charging infrastructure about Sydney city has been analysed. The 
main issue is that, there is a lack of charging points at populated suburbs. Solution for city 
charging has also been discovered from San Joaquin, which is to install charging points at 
commercial sites of populated suburbs. Now, a new map of charging infrastructure of Sydney 
can be created.  
In section 2.1.1, the 3 most populated suburbs of Sydney have been determined, however for 
mapping purpose, more populated suburbs will be covered. Among the top 20 most populated 
regions in Australia, 15 of them are within Sydney [35]. This is a clear guide for the locations of 
new charging points.  
 
Figure 13. Map of improved charging infrastructure of Sydney [36] 
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As figure 13 shown, there are 24 charging points in the Sydney city region. Compare to the 
existing charging infrastructure, there is a significant increase in quantity from 8 to 24. Also, 
some of the existing charging points are only for Tesla and connectors might not be compatible 
for all EV models. In contrast, new charging points should be available for all EV models and 
equip CHADEMO, CCS and Tesla connectors, which are the most common connectors as section 
1 stated. As a result, new charging stations will be suitable for all EV models which is more 
convenient than before. 
Some charging points are very closely located within the Sydney inner city region, however they 
are not abundant. For instance, distance between University of New South Wales (UNSW) and 
Randwick shopping center is just about 1 km, but there are two charging points. UNSW is a 
famous university in Sydney and there are many students and staffs parking here every day, 
which means demand of charging can be potentially high. Also, Randwick shopping center is 
one of the main shopping centers in Sydney populated region. It is quite possible that the 
charging point at Randwick also experience high demand. In addition, if students at UNSW must 
park and charge their EV at Randwick shopping center, it would be less convenient as time 
would be wasted on walking and this might harm the motivation of driving EV to university. It 
is confident to conclude that, multiple charging points might be closely installed if the situation 
is needed.  
Waverley is the most populated region of Sydney, however there is no charging point exactly 
located in this suburb. It is difficult to find any major commercial sites which people will 
regularly attend, so that the nearest charging point for Waverley is at Bondi beach Westfield 
shopping center. It is important that charging points are installed at commercial sites, because 
charging and shopping at the same time is the ideal solution.  
While charging points already located at all the 15 populated suburbs, it is observed that there 
are some “gaps” on the map. For instance, if there is no charging point at Marrickville, people 
there need to travel relative long distance to the nearest charging station. As a result, when the 
gaps are covered by charging points, it is observed that for most suburbs within 15 km radius 
of Sydney center, charging points can be found without travelling long distance. There are 
fewer charging points outside inner city region. Population decreases significantly as moving 
further from Sydney center, which means demand of city charging reduces because it is more 
likely for people to have home charging.  
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Unfortunately, office charging is not reflected on the new map. There is a difficulty predicting 
where people would park while they drive to work. Therefore, it can be risky to spend large 
amount of fund on office charging development. Workplace charging is not the focus of this 
thesis, but it will be discussed in part 5.  
In conclusion, charging points quantity increases from 8 to 24, they are located at commercial 
sites of populated region of Sydney. As a result, it is convenient to find a charging point within 
15 km radius of Sydney center, which is a great step forwards to promote EV boost. 
4.2 New charging infrastructure map of Brisbane  
As section 2.1.2 stated, charging infrastructure of Brisbane city has not been properly 
developed. The main issue is that for populated suburbs, there is a lack of charging point. In 
this section, a new map of charging infrastructure of Brisbane will be created base on the ideas 
from San Joaquin.  
Top 3 populated suburbs of Brisbane have been discussed, but more populated suburbs with 
will be covered by charging points. It is critical that the top 10 populated suburbs of Brisbane 
have been found [37], which is necessary for mapping new charging points for Brisbane.   
 
Figure 14. Map of improved charging infrastructure of Brisbane [38] 
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There are totally 18 charging points appearing on the new map, 5 of them are already existed. 
From quantity point of view, additional 13 charging points can significantly improve Brisbane 
charging infrastructure if they are installed at the right places.  
7 out of 10 top populated suburbs of Brisbane are quite close to central of Brisbane, therefore 
many charging points installed densely in the 3 km radius of city center. As moving further away 
from Brisbane city center, the density of charging station decreases proportionally with 
dropping population. Since there are not many apartments at the outer Brisbane suburbs, so 
that demand of city charging is relatively low.  
University of Queensland and Griffith University both have charging points. On one hand, it is 
a great chance to encourage students and staffs driving EV to school. On the other hand, these 
charging stations can benefit surrounding suburbs. For instance, the charging point at UQ can 
be easily used by people living in Taringa, which is one of the most populated suburbs of 
Brisbane. 
Charging points are designed at most large shopping centers, such as Queens plaza, Toowong, 
Indooroopilly shopping center, and Westfield shopping center at Mount Gravatt and Carindale. 
Queens plaza can be the nearest charging point for most people living and working in Brisbane 
city. The charging points at Toowong and Indooroopilly are not exactly located at the populated 
region, but they are the major shopping centers near Milton and Taringa which have high 
population. Also, due to increasing number of students at university of Queensland, there are 
more apartments being built up in Toowong and Indooroopilly, which indicates that charging 
demand in these regions can potentially increase in the future.  
Westfield Mount Gravatt and Carindale are the two major shopping malls on the south and east 
side of Brisbane. Although apartment is not the common building type in these regions, it is still 
a good idea to have charging points, there are two reasons. Firstly, even if people have home 
charging, there is no reason stops them charging up their EV while shopping. Especially if 
government can offer support, for example free charging under 30 minutes. This would attract 
people to drive EV to go shopping. Secondly, there are many nice shops in these shopping malls, 
which might attract people who have no home charging, so that this would be a great chance 
to fully charge their EV.  
In conclusion, there are 18 charging points in Brisbane, 5 of them are already existed. Most of 
the populated suburbs are covered by charging stations, which is a significant progress. 
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University of Queensland and Griffith University both have charging points which encourage 
students and staffs to choose EV for transportation. Major shopping center such as Westfield 
Mount Gravatt and Carindale are designed to have charging points, which is a great chance to 
catch some EV users.  
4.3 New charging infrastructure map of Perth 
As section 2.1.3 stated, the drawback of charging infrastructure of Perth is that there are 
insufficient charging points covering the whole city, so that charging is inconvenient.  
It is important to find out the most populated regions for Sydney and Brisbane to determine 
where charging stations should be located, however this is not the case for Perth. People of 
Perth incredibly resist to live in apartments, this can be reflected that only 6.6% Perth residence 
live in apartments which is only half of the national average value [39]. Since there is no clear 
relation between high population and apartment, it is not confident to conclude that people 
who live at populated suburbs are more likely to not have home charging. Therefore, it is 
challenging to find out where EV owners live, alternatively, predicting where they go can be a 
good idea. For mapping new charging infrastructure of Perth city, focus will be public facilities 
rather than populated suburbs, which is different from the mapping strategy used for Sydney 
and Brisbane. As a result, the purpose of city charging is to ensure EV range while they are 
travelling inside Perth, instead of solving unavailability of home charging.  
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Figure 15. Map of improved charging infrastructure of Perth [40] 
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There are 15 charging points on the new map, 4 of them are already existed, the other 3 existing 
charging points are not included in the new map, since their positioning is not ideal. In this map, 
the north and south boundaries of Perth are Jindalee and Rockingham, which is 87 km away. 
There are more than 5 charging points along the way which connect two boundaries, so that 
there is no issue about range while travelling inside Perth city.  
Curtin university and university of western Australia both have charging points, which motivate 
students and staffs to use EV. Also, most of these charging points are on the commercial sites, 
charging can be done within half an hour while shopping. It is a great replacement of home 
charging, which can significantly reduce charging time. Especially, if government subsidy can 
offer free public charging, more people would drive and charge their EV at commercial site to 
save electricity cost. At the same time, the free charging privilege would motivate people switch 
from combustion-engine vehicle to EV.  
In conclusion, thanks to the newly designed charging infrastructure, there is no EV range 
anxiety while travelling within Perth region. Also, many commercial sites of Perth equip with 
charging stations, charging can be done efficiently at the same time as shopping.   
 
4.4 New charging infrastructure for Queensland electric superhighway  
QESH has significantly better charging infrastructure than M1 pacific motorway and M31 
national highway. According to the charging infrastructure analysis of California state route 99, 
standard of highway charging increases to a higher level. The average and longest distances 
between two charging points along QESH are 140 and 209 km, which is challenging for most EV 
models. In comparison, along California state route 99, these figures decrease to 25 and 50 km. 
It is arguable that the maximum range of some EV models can be more than 100 km, so that it 
is not necessary to install too many charging points which increases cost. In fact, most EV 
models are still unable to achieve 209 km under some conditions such as cold winter, so the 
interval between charging points along QESH is still too long. This concern also draws attention 
of Queensland government, the State Government has committed $2.5 million for another 13 
charging points along QESH [41]. In conclusion, although QESH is the flagship of highway 
charging infrastructure of Australia, it is still necessary to be improved.  
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Figure 16. Map of improved QESH from Cairns to Brisbane [42] 
Along the new QESH, most intervals between charging points are less than 100 km, unless there 
is a difficult time finding suitable commercial sites. There are 21 charging points for the new 
designed QESH, which is 8 more than the existed one. As a result, the average distance between 
adjacent charging points is now reduced to 80 km, which is 60 km less than the average interval 
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of current QESH. This significantly reduce the possibility of EV range anxiety since only few EV 
models’ range is less than 100 km.  
To select charging points’ location, a few factors are considered. Firstly, by adding and 
relocating existing charging points, interval should be controlled within 100 km. Secondly, 
charging points must be located on commercial sites which are close to the highway exits. Base 
on these 2 criteria, new charging map of QESH has been completed. Most of the charging points 
satisfy both requirements, however there are exceptions. In detail, distance between Ingham 
and Townsville is 112 which is more than 100 km, but it is still reasonable to select Ingham as 
the nearest charging point of Townsville. From Ingham, there is no suitable commercial site till 
Townsville, so that charging point must be designed there although the interval is slightly longer 
than expected.  
In conclusion, QESH has been improved according to the analysed drawbacks and ideas of San 
Joaquin highway charging. As a result, average interval between charging points decrease from 
140 km to 80 km, which is 43% reduction and prevent range anxiety. From convenience point 
of view, most of them are located on commercial sites so that people can enjoy their time while 
EV is being charged. These commercial sites can be supermarket, petrol station, Library, etc, 
most of them are close to the highway exits, therefore no extra distance need to be travelled 
for reaching a charging point.  
4.5 New charging infrastructure for M1 pacific motorway  
In section 2.2.1, M1 pacific motorway which connects Sydney to Brisbane has been analysed, 
the conclusion was that it is challenging for most EV models except Tesla to reach Brisbane 
from Sydney. The reason is that insufficient charging points have been installed along the 
highway so that interval in between is too long for most EV models to travel. In this section, 
charging infrastructure of M1 Pacific motorway will be redesigned, it is objective to make it 
feasible for most EV models to reach Sydney from Brisbane without range issue.  
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Figure 17. Map of improved M1 Pacific motorway from Sydney to Brisbane [43] 
For the improved charging infrastructure of M1 Pacific motorway, charging points increase 
from 4 to 10. Average interval between charging points reduces from 229 km to 92 km, which 
is a great improvement. Although distance from Coffs harbour to Kempsey is 104 km which is 
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the longest interval along M1 pacific motorway, it is still feasible for most EV models to reach. 
All the charging pints are located on the commercial sites which are not far away from the 
highway exits, so that people will not feel boring while charging EV. As a result, it is feasible for 
most EV models to reach Brisbane from Sydney without range issue.  
 
4.6 New charging infrastructure for M31 national highway  
It was concluded that charging stations along M31 national highway are not evenly distributed, 
so that interval between charging points can be too long for some EV models to reach. In this 
section, charging infrastructure of M31 national highway will be redesigned. The objective is to 
make it feasible for most EV to reach Melbourne from Sydney without range issue. 
  
Figure 18. Map of improved M31 national highway from Sydney to Melbourne [44] 
There are 11 charging points evenly distributed along M31 national highway from Sydney to 
Melbourne. Comparing with the existing charging infrastructure (4 charging points), this is a 
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great progress. As a result, the average distance between charging points decreases from 220 
km to 80 km, and 110 km is the longest interval. It is feasible for most EV models to travel 110 
km without running out battery, which means reaching Melbourne from Sydney by EV is now 
achievable. All the charging points are closely located to the highway exits and installed on 
commercial sites, so that people can spend time at some nice shops, while waiting for charging.  
4.7 Summary of redesigned city and highway charging infrastructures  
Candidate cities and highways are now redesigned, it is meaningful to compare the new 
charging infrastructures to the existed ones, to determine the improvements.  
 City charging   
 Charging point quantity Improvement 
Sydney 8 
+300% 
Sydney (redesign) 24 
Brisbane 5 
+360% 
Brisbane (redesign) 18 
Perth 7 
+214% 
Perth (redesign) 15 
Table 12. Comparison of existed and redesigned city charging infrastructures 
 Highway charging  
 Charging point 
quantity 
Average distance 
between charging 
point (km) 
Maximum distance 
between charging 
point (km) 
QESH 13 140 209 
QESH (Redesigned) 21 80 112 
M1 pacific motorway 4 229 281 
M1 pacific motorway 
(Redesigned) 
10 92 104 
M31 National 
highway 
4 220 197 
M31 National 
highway 
(Redesigned) 
11 80 110 
Table 13. Comparison of existed and redesigned highway charging infrastructures 
For city charging, charging infrastructure improved from both quantity and quality aspects. In 
detail, there are more charging points and they are designed at where charging demand is high. 
As a result, city charging is practical although home charging is not available.  
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About highway charging, more charging points are designed along all 3 highways. As a result, 
both average and maximum distances between charging points are significantly decreased, 
which means most EV models can travel along the east Australia coastline (Cairns to Melbourne) 
without range anxiety.  
 
5. Discussion of new ideas and government policy   
 Idea of workplace charging 
Workplace charging has not been included in the maps of new-designed charging infrastructure 
because it is quite challenged to predict where people park at work. It is not efficient to ignore 
this topic, since workplace charging will help those EV users who have no charging at home, to 
solve charging issue. It can be observed that crowds usually gather at bus stops and train 
stations for getting to their workplace, it seems like people prefer public transport for work. 
However, in Australia, public transport is not the dominated method for people commuting to 
work, instead driving to work is the most preferable way.  
 
Figure 19. Methods of travel to work in capital cities of Australia [45] 
As Figure 19 shown, driving is the most dominant method for work [45]. In the city charging 
discussion, location of charging points significantly depends on the prediction of where EV users 
would go. In contrast, workplace charging more focus on where EV users will park at work, 
which can also satisfy the charging needs for the ones who have no charging at home.  
It is assumed that the CBD contains most employees, so that charging stations can be installed 
at public car parks and office buildings in the CBD. There is a smart idea about workplace 
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charging. If there is a “special EV carpark” in the CBD, which is only for EV, then all EV will be 
attracted at the same place. People can book appointment about drop off and pick up time 
online, which ensures availability. If this carpark operates from 8am-5pm, charging time for an 
EV is approximately half an hour, then theoretically a charging point can charge 18 EV a day, 
which is efficient. When such a carpark exists inside CBD, workplace charging will be strongly 
promoted. It is a great alternative method of city charging which also plays an important role 
to solve unavailability of home charging.  
Arguably, a fraction of employees who own EV might work at some suburbs outside CBD. 
“special EV carpark” in the CBD is not the best option due to distance. In this case, government 
policy can play an important role. In detail, if companies can collect charging needs and report 
to government for subsidy of charging installation, workplace charging can be promoted in a 
wide range.  
 Idea of mobile charging  
A common idea of charging infrastructure development is to increase charging station quantity 
and locates them at the right places. In this case, charging points are stationary, EV is moveable 
and must meet charging points no matter how close they are. It could be a good idea if the 
properties of EV and charging point are exchanged: EV is stationary and charging point is 
movable. In detail, if there is a “charging vehicle” which carries a large enough battery, EV users 
do not worry about unavailability of home charging. “Charging vehicle” can meet EV and charge 
them up, which is convenient. According to charging demand of different regions, quantity of 
“charging vehicle” can be adjusted, so that efficiency can be maximized.  
In summary, although “special EV carpark” and “charging vehicle” are just imaginations, they 
can still bring some new ideas to charging infrastructure developments. If traditional thinking 
of charging is not able to boost EV market, these new ideas might be useful.  
 Government Policy 
Effects of government policy towards EV can be critical for the promotion of it. Without fund 
from government, it is infeasible to have more charging points installed either in city or highway. 
If the idea of “special EV carpark” is supported by government subsidy, maybe EV owners can 
enjoy free parking and charging, then more people would like to drive EV to CBD for work.  
To boost EV market, Government policy plays one of the most important roles.   
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